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Abstract 
A paleomagnetic investigation of the kerogen rich "oil shale" 
of Piceance Creek Basin (Eocene) indicates a virtual geomagnetic 
pole at 50,73• north latitude, 150.93
° 
east longitude with a 
precision parameter (k) equal to 5.01 and a cone of confidence 
(alpha 95) equal to 11.75, All samples studied indicate a 
negative inclination and scattered declinations, This result 
was determined from measurement of thirty-seven cores derived 
from one hand sample, The majority of samples were exposed to 
400 oersted alternating field demagnetization. The result lies 
considerably south from the mean of previous determinations of 
the Eocene epoch {Tertiary) pole for North America. 
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Forward 
One hand sample block of oil shale, o-riginating from the Piceance 
Creek Basin, Garfield County, Colorado, had been submitted to the Ohio 
State University for the purpose of paleomagnetic investigatton, At 
the re'l_uest of Dr. H, C. Noltimier, the sample was provided by 
Mr. Donald B. Tait, Area Geo]ogist for the Atlantic Richfield Company. 
The purpose of this investigation was t�i 
(1) determine the magnetic properties and the possibility
of the sample having a stable magnetic moment.
(2) determine the declination and inclination of the stable
magnetization of the sample..
(3) locate the position of the virtual geomagnetic pole as
indicated by such measurements.
(4) compare these data against other pole positions which
have been previously reported.
(5) speculate on the polarity events whieh have been identified
in the Eocene epoch and possibly locate this unit in the
earth's history of geomagnet.ic polarity.
This 1 nvestigation is one of very few attempts to study the paleo-
magnP-tism of 't"oeks nf this nature, and it i R hoped that the information 
contained herein can be utilized or correlated with future results. 
Location 
Due to insufficient information, the exact locality from which 
the submitted sample origi.nated can only be speculated. However, 
it is known that the sample was derived from the Piceance Creek Basin. 
In an attempt to trace the locality, a road guide describing the geology 
of Colorado was used. According to the description of the guide, the 
apparent accessability of the outcrop, and the examination of topographic 
quadrangles, the most probable location was, apparently, found. The 
axis of the Piceance Creek Basin, containing the richest and thickest 
sequences of exposed oil shales, extends through the head of the Parachute 
Creek Valley (Grand Valley 7,5 minute quadrangle), The location is in 
Garfield County (T 6 s, R 95 W, Section 28, 29, or 33), approximately 
16.5 miles southwest of Rifle Colorado. latitude and longitude were 
assigned for the purpose of the experiment. 
Depositional Envi.ronment and Mineralogy 
The sedimentary characteristics of the Green River Formation 
are quite variable at each outcrop. However, the shales of the Piceance 
Creek Basin are recognized as having the highest petroleum potential. 
It has been reported by Dr, Ronald Surdam that numerous loop structures 
occur within those oil shales of high oil yield. The possible origins 
of these loop structures are many. They could result from soft sediment 
deformation, mudcracks, blister mats, salt growth, shearing, or isoclinal 
folding and faulting, It is believed that this loop bedding does hold 
the keys to the depositional environment of the oil shales. Further, 
the depositional environment is described by the use of a Playa-La.ke 
model as described by Surdam. In this model, a shallow, alkaline lake, 
with a pH of approximately 8.J is subjected to occasional washing in 
of carbonate muds from an alkaline-earth Playa fringe, thereby causing 
drastic fluctuation of shoreline, and changes in the level of the lake, 
Bradley (1929) states that a large, single body of water had at one time 
occupied the Uinta and Piceance Creek Basins during the greater pa.rt of 
the Green River epoch. This lake was designated as Uinta Lake, 
It does seem probable that Uinta lake was divided into two or three 
smaller lakes at certain stages of low water level. These lake 
fluctuations represent a reasonable likelihood for the appearance of 
the lamina which is present in the oil shales, These laminations are 
excessively thin and resemble the grain of tropical wood. The sample 
whi�h was submitted for investigation is characterized by these thin 
laminations. 
Resistant and structureless organic matter characterized. each kind 
of rock and predominates in the richest of the oil shales, The once-
organic remains of the lake plants and animals have undergone an alter-
ation to an organic polymer called "kerogen". This kerogen is defined 
as a solid, bituminous mineraloid substance contained in oil shales 
which yields oil when the shales undergo a destructive distillation, 
McKee and Goodwin (1923) have reported that the chemical composition 
of the kerogen differ in different shales and localities, and even from 
place to place within the same formation. 
Mr, Donald Tait describes the sample as a marlstone and states 
that the kerogen content within the sample could vary from less than 
1% to as much as 50% of the total rock. X-ray analysis of the submitted 
sample was performed by the Atlantic Richfield Company and it was 
found that the principle mineral constituents of the sample are dolomite, 
albite, microcline, quartz, and a variety of calcium, magnesium, and iron 
carbonates. It was also found that the sample contained relatively no 
clay. In this case, the chemistry of the lake was such that survival 
of clay minerals was non-existant and hence not present. 
Strangway and McMahon (1973) who have worked with similar sediments 
from the Ptceance Creek Basin, describe their attempts in determining 
the magnetic phases present in the Green River shale, Their investigations 
indicated a less than 0,002% presence of magnetite. Because of this 
investigation and the x-ray analysis of the sample, one could conclude 
that there would be extremely small amounts of magnetic material present, 
and a weak remnance would be expected, 
Field and laboratory preparations and discussion of the experimental 
results, 
One 6" x 611 x 4" hand sample had been provided by Mr. Donald B. Tait 
of the Atlantic Richfield Company. The sample was oriented in the field, 
and the attitude of the bed was marked on the bedding plane of this block 
sample. The strike of the bedding was g:1ven as N 24
°
W and the dip as 16
°
sw. 
The location of the site from where the sample was derived fA estimated at 
latitude 39.30
° 
N and long:1.tude 108.30
°
W. 
Preparation of the sample when received in the laboratory included 
further markings. Parallel lines weTe maTked in ink on the top bedding 
plane of the sample. These lines were marked in the up-dip direction. 
This procedure was necessary such that the orientation of the sample 
would not be lost during the coring process. 
The sample was completely cored in twenty-two drillings, The drilling 
was executed per:pendicula.-rly with respects to the bedding plane of the 
sample, and after further 1.nk markings (indicating "top" direction) a.nd 
then after slicing of individual cores, thirty-seven one-inch cores 
were derived, Problems, however, were encountered during coring and 
slicing. Samples would break along the weaker bedding planes while being 
prepared regardless of precautionary measures. These mishaps resulted 
in the complete loss of orientation, and because of this, the samples 
were i11lDlediately rejected from further study. 
The magnetic components of each sample was measured using a Scho:nstedt 
spinner magnetometer, The spinning procedure involved six different 
orientations per sample. In this manner, three different magnetic 
moment components were measured, which were later averaged for direction 
and intensity of a magnetic vector on a three-dimensional co-ordinate 
system. As measurement data accumulated, the IBM 360 was utilized to 
calculate for the total magnetic intensity, the intensity normalized 
to the initial intensity, and the direction of the magnetic vector which 
was correct."'3d to its original position since the bed from which the sample 
wa.s derived was subjected to tilting and folding, 
All usable cores were measured for natural remnant magnetism (NRM). 
Natural remnant magnetism is a measurement of the magnetic moment of 
the sample, prior to any laboratory demagnetization, This magnetic 
moment is assumed to be the sum total of the magnetic moments which 
the sample had acquired naturally in the field. The intensity values 
of these cores had ranged from a low of l x 10-• emu/cm1 to a high of 
1 x 10-+ emu/cm5 with an average intensity of 4,39 x 10-� emu/cm3 , 
These intensities were considerably higher than those reported by 
Strangway and McMahon (1973), This perhaps indicates a slightly higher 
content of magnetite and indicates the variation of chemical composition 
as previously stated, Although these intensities are considerably weak, 
they were within the range of measurement of the laboratory equipment, 
Results of the (NRM) measurements are shown in Table I. It should 
be noted here that those samples marked "A" were derived from the upper 
layers of the block sample, As seen in the results, these samples 
indicate a strong negative inclination and became the subjects of 
further investigation. Further, those samples with a positive inclination 
have many scattered declinations, At this stage of the experiment, it was 
suspected that there was a strong second magnetization of a modern field 
orientation. Figure 2 is an Equitorial Stereographic projection showing 
the wide distribution of scatter of the directions of magnetization of 
the thirt.y seven i;a11rples measured for the {NRM). 
Of' the thir+.y-seVFm corAs, f1_ V"? were taken through a d emagriet111,a tion 
sequence using a �choru�tedt Geophysical Speci.men Demagne.tizer (single 
axis alte!'nating field demagnetization unit). The five that were chosen 
were selected on the basis of one high, one low, and three of medium 
intensities. Two of these samples were from the uppermost layer of the 
block sample, which have indicated negative inclinations, The cores were 
demagnetized and measured in 100 oersted steps to a maximum demagnetization 
f1.eld of 700 oersteds, 
Due to a low precision factor (k, kappa), the five sample group 
was recalculated after rejecting one of the samples. This was done with 
the hope t.hat the precision factor would increase. Figure 3 shows a 
graph indicat:tng the contrast of the four sample group against the five 
sample group, The graph plots the data of the precision factor as a 
.. 
function of the applied field. The graph shows a general trend. Opposing 
results, however, occured at the 400 and 500 demagnetization levels, and 
it was decided that further work at these levels would be necessary. 
Using the five original cores, the normalized decay curves of the 
total magnetic moment of each sample were plotted, Jo is the measured 
intensity prior to any demagnetization and J is the intensity after 
demagnetization at the field indicated. Figlll'e 4 shows J/Jo plotted 
as a funct1.on of the applied alternating field demagnetization. The 
results show a general grouping of values after the 400 oersted dema.g-
netization. Dashed lines have been added to the graph to more closely 
indicate this grouping. Further, the results appear more centrally 
grouped at the 500 oersted demagnetization level, The 600 oersted level 
of demagnetization appears still finer, with the exception of sample ?c. 
Perhaps the only reason for such a high value could be the possibility 
of overlooking the demagnetization of one axis while demagnetizing the 
core, In either case, the results are questionable, and the normalization 
curve is extended from 500 to 700 oersteds, 
Figure 5 shows the migration of the magnetic moment during demag-
netization of the five samples as plotted on an equitorial stereonet. 
Here again, the results show a slight grouping of points at the 400 to 
500 oersted level. 
In summary then, the majority of samples had reached the positions 
of their greatest directional stability at 400 oersteds. Therefore, the 
remaining thirty-two cores were demagnetized at the optimum 400 oersted 
field, and remeasured. After the calculations were performed, it was 
found that nearly all of the samples displayed negative inclinations, 
Six samples were further demagnetized until their inclinations proved 
negative also. A level of 500 oersteds was necessary for four of the cores, 
and a level of 600 oersteds was necessary for the remaining two. 
Table II shows the result of this, indicating all samples with 
negative inclinations and various declinations, 
Figure 6 is an equitorial stereographic projection displaying the 
direction of magnetization of all cores after demagnetization at their 
various levels of applied field. The solid triangle represents the mean 
declination and mean inclination determined for these oil shales, This 
figure also displays all samples with a negative inclination and many 
scattered declinations. There is a general grouping of results near the 
mean position, however these data are considerably different from those 
reported by Strangway and McMahon, Further, the figure indicates that 
a satisfactory clustering.was not obtained after demagnetization. Those 
samples which required a higher peak demagnetization also indicated the 
greatest scatter away from the grouping. Perhaps the most significant 
result was that all samples had shown a definite migration into the 
northern hemisphere after demagnetization of 4oO oersteds or higher, 
Fisher statistics and the paleomagnetic pole position were calculated 
for both the NRM measurements and the demagnetization measurements. 
The results of these calculations are seen in Tables I and II, The 
statistics a-re somewhat improved for the demagnetized samples; however, 
the precision parameter remained poor, The paleomagnetic pole position 
which wa.s cR.lcula.tei on the ba�i.s of the samplP.s is located at a latitude 
of 50,7
°
N �nd a longitude of 150.9
°
E. Figure 7 attempts to show this
pole position by comparing it against the polar-wander path for North 
America, This Phanerozoic polar-wander path is the result of numerous 
studies and summarized as group mean poles based on the ages of the 
beds from which they were derived, The small black triangle represents 
the virtual geomagnetic pole derived from this study. The location 
derived is considerably south of its averaged position on the wander-
path. 
This paleomagnetic pole position is within the range of results 
obtained for other studies concerning the Eocene epoch for North America. 
Table III briefly summarizes the results of some of these studies for 
the purposes of comparison. The most significant result of this study 
1� the identification of negative inclinations, indicating that the 
sample had acquired its direction of magnetiv.ation during a polarity 
reversal of the ear�h's magnetic field. 
Figure 8 is a time-biostratigraphic chart comparing the North 
American Mammalian stages against the earth's geomagnetic polarity 
history. As one can see, the middle Eocene series is also characterized 
by two polarity reversals occuring during the Bridgerian stage 
approximately 46 to 48 million years ago, The entire Tertiary period 
is characterized by a complex history of changes which took place during 
each epoch from the Paleocene to the Pliocene. Further, the Tertiary 
period is characterized by an immense number of reversals, indicating 
the possibility of the great variability of the earth's field during 
this period.. 
Conclusion 
The samples which were used in this investigation did respond 
quite well. Although the sa111ples were weak in magnetization and 
measurements appeared quite scattered, graphical analysis and further 
investigations had lead to interesting paleomagnetic results. NRM 
measurements appeared streaked and nearly being reversed, while after 
demagnetization, the results concluded with all samples displaying 
negative inclinations. This result could be explained by a chemical 
transformation occuring during oxidation of the magnetic minerals 
contained within. Perhaps the explaination of this chemical remnant 
magnetization ( CRM) could be due tC1 the leacM ng o'f ma.gneUc mi ne'!'als 
from the exposed upper layers of the sample to the lowe� layers. If 
this had occured, then it can explain why the inclinations of the upper-
most layers displayed negative inclinations, and further, why the lower 
layers of the sample tended to assume a direction corresponding to the 
earth's present day field. 
After demagnetization of the samples, negative inclinations were 
revealed from all samples studied, The paleomagnetic pole position 
which was calculated on the basis of this sample is located at latitude 
50,7 Nand a longitude of 150,9 E, 
Because of the scattered declinations, and hence the mean direction 
of magnetization, this study could not refine existing paleomagnetic 
data; however, it could reinforce the suggestion of the earth's variable 
field during the Eocene epoch, 
Due to the fact that only one sample was submitted for study, and 
being unable to precisely locate the origin of this sample both horizon-
tally and stratigraphically, I feel that it is extremely regrettable 
that further research could not have. been conducted during the performance 
of this investigation, 
Figure 1. Showing distribution of oil shale 
in the Green River Formation and location of 
Piceance Creek Basin. 
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Figure 2. Fqual-area stereonet displaying the 
distribution of magnetic directions in thirty-seven 
samples before demagnetization. 
Inclinations which are positive are downward. 
Inclinations which are negative are upward • 
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Figure 3. Contrasting plots of a four sample and 
five sample group indicating the Precision Factor, 
K (Kappa) plotted as a function of the applied 
alternating field demagnetization • 
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Figure 6. Equal-area stereonet displaying the 
distribution of magnetic directions after demagni­
tization. 
Inclinations negative are upward . 
/)£CL/NATION ANP INCJ..INATION ATTER PEHA&-NETIZATION 
ALL SAMPLCS PEHAt;N&TIZCP TO 400 orPSTCDS UNLESS OTN£Jf'W/SE /NDIGATrD 
• 
N 
10 
0 
w I I·· p + . I ~--- I 0 
0 0 
0 
.o O ,. 
.. OQ 
e 
0 
0 0 
0 0 8 Oo 
0 a, 
0 
Q 0 
0 0 
• 
s 
Figure 7. Polar stereographic :pr{"ljecUon of 
�pp11.:rent polar-wander path for North America as 
shown in McElhinny (1973). Location of Ama.ll 
black triangle rApresents the virtual geomagnetic 
pole (VGP) de'rived from thi� study . 
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TABLE III 
Figure 8, Time-Biostratigraphic Chart 
indicating Geomagnetic Polarity History. 
White indicates reversed polarity. 
Black indicates normal polarity, 
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